♦ Background: Previous small studies have reported favorable results of peritoneal dialysis (PD) in the setting of chronic refractory heart failure (CRHF). We evaluated the impact of PD in a larger cohort of patients with CHRF where end-stage renal disease was excluded. ♦ Methods: All patients who received PD therapy for CRHF between January 1995 and December 2010 in two medical centers in France were included in this retrospective study. Baseline characteristics were compared with clinical parameters during the first year after initiation of PD. Mortality, safety, and sustainability of PD were also analyzed. ♦ Results: The 126 patients included had a mean age of 72 ± 11 years and an estimated glomerular filtration rate of 33.5 ± 15.1 mL/min/1.73 m2. Mean time on PD was 16 ± 16.6 months. During the first year, patients with a left ventricular ejection fraction (LVEF) of 30% or less experienced improvement in cardiac function (30% ± 10% vs 20% ± 6%, p < 0.0001). We observed a significant reduction in the number of days of hospitalization for acute decompensated heart failure after PD initiation (3.3 ± 2.6 days/patient-month vs 0.3 ± 0.5 days/patient-month, p < 0.0001). One-year mortality was 42%. ♦ Conclusions: In CRHF, PD significantly reduces the number of days of hospitalization for acute heart failure. Improved LVEF may have led to the comparatively good 1-year survival in this cohort.
H eart failure (HF) affects more than 5.8 million patients in the United States, with 550 000 new cases being diagnosed each year (1) . Despite significant progress in management strategies, morbidity and mortality remain high in these patients. The survival rate for patients with refractory HF, defined as resistance to conventional therapies such as diuretics and beta-blockers, is estimated to be less than 50% at 6 months (2,3).
Renal function has been shown to have a profound impact on outcomes in these patients. Elevated serum creatinine on admission to hospital for acute decompensated HF and worsening renal function during hospitalization are both associated with increased mortality. Unfortunately, renal dysfunction is extremely prevalent in patients with HF. Based on data from the Acute Decompensated Heart Failure National Registry (encompassing 105 388 patients), more than one third present with moderate-to-severe chronic kidney disease, and 9% are receiving chronic dialysis therapy (4) .
The term "cardiorenal syndrome" has increasingly been used to describe the vast array of interrelated derangements in which simultaneous dysfunctions of kidney and heart are the predominant clinical picture. Although much has been written on the clinical aspects of cardiorenal syndrome, the underlying pathophysiologic mechanisms remain to be fully understood, and implications for management continue to be debated (5) (6) (7) . Excretion of salt and water is impaired early in the course of the disease for a number of reasons, including low cardiac output, activation of the renin-angiotensinaldosterone system, activation of the sympathetic nervous system, non-osmotic release of vasopressin, and impairment of the glomerular filtration rate.
Although diuretics remain the mainstay of therapy for symptomatic relief, increased urine output, and reduced total-body fluid volume, a significant subset of patients 101 PDI jANUARy 2014 -Vol. 34 , No. 1
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(up to 20% -30%) present with diuretic refractoriness. More than 90% of all hospitalizations for acute decompensated HF are attributable to fluid overload (4), and most of those patients have experienced treatment failure with oral diuretics (8) .
Patients with diuretic refractoriness may benefit from mechanical removal of fluid (ultrafiltration). Two modalities of renal replacement therapy can be used in these patients: hemodialysis (or isolated ultrafiltration) and peritoneal dialysis (PD). Compared with hemodialysis (which is often used in the acute setting), PD holds a number of advantages such as better preservation of residual renal function, gentle continuous ultrafiltration, and more optimal hemodynamic stability (9, 10) .
A number of small series on the use of continuous ambulatory PD in the setting of chronic refractory HF (CRHF) have so far been published (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . In most of the studies, PD was found to be associated with a significant improvement in symptoms and a decrease in the rate of rehospitalization. Although peritonitis was common in early studies, its frequency decreased with the use of newer techniques and automated devices. Notably, most of the series included very small number of patients, with some of the results being obtained from subgroup analyses.
In the present publication, we present the largest cohort of patients with CRHF for whom PD was initiated to manage volume overload and diuretic refractoriness.
METHODS

STUDY POPULATION
This retrospective chart review includes all patients who were treated with PD for the management of CRHF between January 1995 and December 2010 at two centers in France (Besançon and Dunkerque). The charts of all patients who started PD therapy during the study period in the two centers were initially reviewed with respect to the indication for renal replacement therapy; only patients in whom PD therapy was initiated for management of CRHF were included. During the study period, 749 patients started PD; in 127 patients (17%), the sole indication for PD initiation was CRHF (renal replacement therapy was not required for end-stage renal disease). The diagnosis of CRHF was made by at least one cardiologist, and the decision to start PD therapy was made jointly by the referring cardiologist and the nephrologist after a detailed discussion with the individual patients. These patients were either not candidates for, or did not wish to undergo, transplantation. 
Cause of HF:
Heart diseases leading to HF were classified into 4 major categories: ischemic, valvular, dilated cardiomyopathy, and diastolic dysfunction. Diagnostic studies related to cardiovascular disease were obtained from medical charts and were used for classification.
Ischemic heart disease included documented cases of myocardial infarction and coronary revascularization (that is, coronary artery bypass surgery or percutaneous transluminal coronary angioplasty), or a typical history of angina associated with abnormal findings on coronary angiography. Diagnoses of valvular heart disease, dilated cardiomyopathy, and diastolic dysfunction by at least one cardiologist were based on echocardiographic criteria. The valvular heart disease category included patients with prosthetic heart valves (with or without prosthetic valve dysfunction). Various other HF-related data such as left ventricular ejection fraction (LVEF) assessed by echocardiography, medications used for the management of HF, and presence of arrhythmia were all recorded. Moreover, all hospitalizations for episodes of acute decompensated HF during the year preceding the start of PD therapy were reviewed and the length of each stay was recorded.
History of Cardiovascular Risk, Events, and Disease: History of cardiovascular events was defined as one of the following:
• Cerebrovascular diseases: ischemic and hemorrhagic cerebrovascular accidents, and carotid endarter ectomy • Abdominal aorta or peripheral arterial disease:
abdom inal aortic surgery, lower extremity amputation, intermittent claudication associated with abnormal f indings on Doppler ultrasonography or angiography FOLLOW-UP Data were reviewed with respect to the safety (that is, the number and severity of peritonitis episodes) and 102 COURIVAUD et al. jANUARy 2014 -Vol. 34, No. 1 PDI the sustainability (that is, time on treatment and possible transfer to hemodialysis) of PD therapy. Weight and doses of diuretics were recorded at inclusion and at months 3, 6, and 12 after initiation of PD therapy. Data related to re-evaluation of LVEF within the first year after initiation of PD (ranging from 1 month to 1 year) were also collected.
We recorded all hospitalizations attributable to episodes of acute decompensated HF or peritonitis. Hospital admissions during the first year after initiation of PD were carefully reviewed and the length of each stay was recorded. Data on mortality and causes of death were also recorded.
STATISTICAL ANALYSIS
All data for continuous variables are reported as mean ± standard deviation, unless otherwise indicated as percentages for categorical data. Differences between groups were evaluated using the Fisher exact test or the chi-square test for categorical variables. The Student t-test and Mann-Whitney U-test were used to compare quantitative variables, depending on data distribution. The Kruskal-Wallis test was used to compare quantitative variables for the three groups. Student paired t-tests were used to compare follow-up ejection fraction, body weight, diuretic dose, hospital admission rate, and length of stay. Survival proportions were generated by the Kaplan-Meier method, and between-group comparisons used the log-rank test. A p value (2-tailed) less than 0.05 was considered statistically significant. Data analysis and interpretation were performed using the Prism software application (GraphPad Software, La Jolla, CA, USA).
RESULTS
DEMOGRAPHICS
During the study period, 127 patients (70 in Besançon, 57 in Dunkerque) started PD for CRHF. One patient was excluded because of early diaphragmatic breach and leak after initiation of PD. Initially, 11 patients were started on isolated extracorporeal ultrafiltration therapy for acute decompensation of HF; they were then switched to PD for long-term management of their CRHF.
Of the 126 included patients, 87 were men, and 39 were women. The patients from the two centers were fairly similar. Mean age was 72 ± 11 years (range: 30 -94 years), and mean weight was 74 ± 15.3 kg at initiation of PD therapy. The PD technique used in these patients was mainly intermittent and nocturnal. Number of days spent in hospital for acute decompensated HF in the year preceding PD therapy was, on average, 3.3 ± 2.6 days/ patient-month.
RENAL FUNCTION
At PD initiation, mean eGFR in the group was 33.5 ± 15 mL/min/1.73 m 2 . Based on eGFR, patients were divided into categories:
• 69 patients (55%) had an eGFR of 30 Patients with severe renal dysfunction were significantly older (77.3 ± 9 years vs 72.7 ± 12.1 years and 72.6 ± 9.5 years (p = 0.013) for patients with an eGFR of 20 -30 mL/ min/1.73 m 2 and of more than 30 mL/min/1.73 m 2 respectively). Aldosterone receptor antagonists were significantly less frequently used in the subgroup of patients with severe renal dysfunction (p = 0.02).
HEART DISEASE In a significant number of patients, more than one cause of HF was present: ischemic cardiomyopathy in 78 patients (62%), dilated cardiomyopathy in 66 (52%), valvular cardiomyopathy in 36 (29%), and diastolic dysfunction in 13 (10%). Atrial fibrillation was observed in 58 patients (46%). Pacemakers and automatic implanted cardioverter-defibrillators were used in 41% of the patients. The medications used for management of HF included loop diuretics (100%), angiotensin converting-enzyme inhibitors or angiotensin receptor blockers (61%), beta-blockers (28%), aldosterone receptor antagonists (25%), and digoxin (21%). In 21 patients (17%), combination therapy with angiotensin converting-enzyme inhibitor and angiotensin receptor blocker was given.
Baseline echocardiography results were available for 110 patients (87%). Mean LVEF was 38% ± 19% (range: 8 -87%). Based on LVEF, patients were divided into categories:
• 36 patients (29%) had HF with preserved ejection fraction, defined as LVEF greater than 45% (mean: 60% ± 10%); • 22 patients (17%) had moderate left ventricular dysfunction, defined as LVEF greater than 30% but less than or equal to 45% (mean: 40% ± 4.8%); and 
Left Ventricular Function:
As shown in Figure 1 , LVEF improved significantly during the first year of PD therapy (38% ± 19% at baseline vs 42% ± 17% at 1 year, p = 0.001). Interestingly, the improvement in LVEF was observed mainly in patients with a LVEF of 30% or less (20% ± 6% vs 30% ± 10%, p < 0.0001).
Number of Days of Hospitalization: Therapy using PD was associated with a dramatic reduction in the number of days of HF-related hospitalization. During the year before PD initiation, each patient stayed in hospital for an average of 3.3 ± 2.6 days per month; after initiation of PD therapy, the number of hospitalization days declined to 0.3 ± 0.5 days per month (p < 0.0001), corresponding to a 91% reduction in hospital stay. Hospital stays for peritonitis were found to be 0.3 ± 0.6 days per patient-month.
Mortality: During the study period, 100 patients (79%) died. The main causes of death were cardiovascular events [40% (acute decompensated HF 31%, sudden death 8%, cerebrovascular accident 1%)], sepsis (27%), gastrointestinal bleeding (6%), and cancer (2%). Although the cause of death remained unknown in 25 of the 100 patients, complications related to PD treatment were not implicated. The 1-year mortality rate was 42%, and mean survival duration was 16 ± 16 months. Figure 2 summarizes cumulative survival after initiation of PD and its relationship
• 52 patients (41%) had severe left ventricular dysfunction, define as LVEF less than or equal to 30% (mean: 21% ± 6.4%).
The baseline characteristics were similar in those groups.
HISTORY OF CARDIOVASCULAR EVENTS
Of the study patients, 52% had diabetes, and 71% had a history of at least 1 cardiovascular event: peripheral artery disease (17%), cerebrovascular disease (13%), and ischemic heart disease (62%).
FOLLOW-UP
Safety and Sustainability of the Technique:
The mean duration of PD therapy was 16 ± 16 months (range: 14 days -8.4 years). Over the study period, 77 episodes of peritonitis were recorded, corresponding to a peritonitis rate of 1 episode in 26.2 patient-months. Thirteen patients (10%) were transferred to hemodialysis (8 because of refractory peritonitis and 5 because of inadequate ultrafiltration).
Weight Change and Diuretic Use:
Body weight declined during the first 3 months after PD initiation (74 ± 15 kg vs 72 ± 15 kg, p = 0.04). That trend did not continue beyond 3 months, and the mean weight of the 68 surviving patients was 75.3 ± 14.9 kg at the end of the first year.
In 61 patients (48%), data on the dose of furosemide during the first year after initiation of PD therapy was adequately recorded. In that group, the daily dose of furosemide did not significantly change for the 31 Although no relationship was found between survival and eGFR or LVEF, we observed a trend toward lesser survival for patients with a LVEF below 30% and for those with preserved ejection fraction, especially in the first year after initiation of PD therapy (Figure 2 ).
Patients were divided into two categories based on median survival duration. Baseline characteristics and comorbidities were not different between the groups. However, among patients who survived beyond 16 months, LVEF improved during the first year after initiation of therapy (35% ± 17% vs 40% ± 15%, p = 0.039); in patients who died prematurely, LVEF remained stable (39% ± 20% vs 33% ± 14%, p = 0.07).
Because the study covered 16 years (1995 -2010), we analyzed the population for two separate periods: 1995 -2002 and 2003 -2010 (Figure 3 ). We observed a trend toward better survival duration overall after 2003. During the two periods, we observed no relationship between survival and eGFR or LVEF.
DISCUSSION
Although the pathophysiology of cardiorenal syndrome is not completely understood, previous reports have suggested that selected patients with CRHF can benefit from early initiation of PD. Most of those studies explored the role of PD in patients who presented with both HF and severe renal dysfunction. Moreover, all were small series with study populations of 20 patients or fewer.
To our knowledge, the present study includes the largest cohort of non-end-stage renal disease patients with CRHF in whom PD therapy was used for management of volume overload. Notably, this population represents a significant proportion of patients (17%) who were receiving PD therapy in the two study centers. Our results suggest that PD therapy can lead to a significant reduction in the number of hospitalization days and to a significant improvement in LVEF; they also imply that PD might have a beneficial effect on the financial burden of this public health problem, while improving both quality of life and cardiac function in the patients. Based on our data, PD patients should receive close supervision (for example, checking peritoneal membrane properties and excluding sodium sieving) when approaching their second year of therapy.
Patients with CRHF have a high rate of mortality (17, 21) . Although the lack of a matched control group in our study makes any appropriate comparison challenging, the 1-year mortality rate in the study seems to be significantly lower than that so far reported for patients with CRHF treated with conventional therapies: 50% at 6 months and 75% at 1 year (3). Given that result, PD therapy might also be associated with an improvement in the survival rate. It should be taken into consideration that, in this precarious clinical setting, PD is offered as the last resort for HF patients who have already exhausted all other therapeutic options. As such, it is difficult, from a practical standpoint, to perform an analysis of mortality using an appropriately-matched control group.
Renal dysfunction is prevalent in patients with HF, and it is an established independent prognostic factor in this population (22) . Nevertheless, the degree of renal dysfunction did not affect the survival rate in our study, although we found that PD-related improvement in LEVF was associated with better survival. 
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It has been a matter of debate whether PD or hemodialysis represents the best dialysis modality for end-stage renal disease patients with HF. Stack et al. (23) reported that HF patients treated with PD are at higher risk of mortality compared with those receiving hemodialysis (23) . It should be noted, however, that the follow-up period in that study was short (2 years) and that patients were studied between 1991 and 1997, before the advent of newer PD solutions (for example, icodextrin) and technologies. More recently, Sens et al. (24) used data from the French Renal Epidemiology and Information Network (Réseau epidémiologie et information en néphrologie) to compare survival rates in HF patients treated with PD or hemodialysis (933 and 3468 patients respectively). The authors found a significant difference in the median survival duration in favor of hemodialysis (20.4 months for PD and 36.7 months for hemodialysis; adjusted hazard ratio: 1.48). However, compared with the hemodialysis group, the PD patients were older and had more severe HF (based on New York Heart Association stage). It must be noted that the overall mortality rate of patients with HF in that study was significantly less than the rate we observed in patients with refractory HF without dialysis (about 25%), which may suggest a selection bias and emphasizes the need for more precise characterization of the population and comparison groups in such studies. Moreover, the survival rate was calculated from day 90 after initiation of renal replacement therapy for both groups and did not take into account the first 3 months. That approach might have led to an underestimation of the mortality rate in the hemodialysis group.
We observed a significant reduction in the number of days of HF-related hospitalizations after initiation of PD, which is consistent with the findings of earlier studies (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (25) (26) (27) (28) . That reduction can be considered an indirect marker of improved quality of life in the patients and also a surrogate marker of better control of HF symptoms and signs. As a disease, HF is costly: 2% of the total health care budget in European countries is used for expenses related to its management (25) . Rates of re-hospitalization for acute decompensated HF are as high as 20% in 6 months, and costs linked to hospitalizations represent two thirds of the total cost of the disease (2) . Because PD therapy is associated with a significant jANUARy 2014 -Vol. 34, No. 1 PDI decrease in the number of days of hospitalization, it is conceivable that, compared with conventional therapies, PD might also reduce the expenditure related to the management of patients with HF. Indeed, in a recent study of 17 patients with CRHF, Sánchez et al. (25) reported that the cost-utility for PD is lower than that for conventional management (€305 vs €81 053 per quality-adjusted life year), a finding that needs to be confirmed in larger prospective trials.
Improvement in LVEF after initiation of PD therapy has previously been described by some authors (18, (29) (30) (31) . Although the exact reason for this improvement remains uncertain, correction of fluid overload with peritoneal ultrafiltration has been suggested to play a role in pushing the patient's hemodynamic status to the left on the Frank-Starling curve. Peritoneal clearance of proinflammatory cytokines (for example, tumor necrosis factor α, interleukin 1, and interleukin 6-all described as potential myocardial depressant factors) is another mechanism by which PD might lead to improvement in LVEF (32) .
In our study, PD therapy was not associated with a reduction in the needed dose of diuretics. Moreover, in contrast to previous studies (26,33,34), we did not observe a significant change in weight among our patients. Interestingly, we observed an initial trend toward weight loss that might reflect fluid removal and improvement in congestion through peritoneal ultrafiltration. Weight gain after the initial period might reflect improved clinical and nutrition status. Future studies using objective measures of volume status (for example, impedance cardiography) and specific markers of nutrition (for example, prealbumin and protein catabolic rate) are needed to further explore that hypothesis.
It is important to note that all patients included in this study were referred by cardiologists and were unknown to the nephrologists before initiation of PD. The refractory nature of the HF was therefore confirmed by the cardiologists based on challenges in optimizing conventional therapies-for example, resistance to diuretics, or hyperkalemia and excessive low blood pressure had the dose of HF-related medications been increased. In this setting, it is conceivable that PD allows for reintroduction of certain beneficial medications or the optimization of their dose (for example, aldosterone receptor antagonists) that would otherwise have been held.
The results of our study should be interpreted with due consideration of its limitations, including its retrospective design, lack of a matched control group, and long period of time during which patients were included (that is, 16 years). Also, the means by which adequate ultrafiltration was achieved (that is, use of hypertonic glucose solutions or the colloid osmotic agent icodextrin) and how those means evolved based on changes in residual renal function during the study period could not be precisely explored.
Because of its physiologically-adapted progressive fluid removal and lack of significant adverse impact on hemodynamic status, PD is considered by many nephrologists to be the modality of choice for management of patients with CRHF. Prospective studies are needed to help to further define the details of therapy in this setting (for example, optimal timing of initiation) and more customized PD protocols (for example, efficient removal of sodium through more frequent use of icodextrin solution). Such studies could also help to more precisely evaluate the impact of PD therapy on the mortality of HF patients while conducting a cost-utility analysis for this costly disease.
CONCLUSIONS
The population of patients presenting with both HF and chronic kidney disease is large and steadily growing. These patients have an increased risk of mortality; it is essential to identify the therapeutic approaches that can increase their overall survival, reduce their comorbidities, and improve their quality of life. The results of the present study-coupled with those of previously published reports-suggest that PD therapy is an appropriate and feasible option in the setting of CRHF and should be considered for patients in whom conventional therapies have not been associated with the desired therapeutic response.
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